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Seed Character Relationships in the Leguminosae' 
HAIG KoPOOSHIAN AND DUANE lsELY2 
Abstract. The Leguminosae posses two basic seed types, a 
generalized form characteristic of the Mimosoideae and 
Caesalpinioideae, and a derived type characteristic of the 
Papilionoideae. Intermediates between caesalpinioid and 
papilionoid seeds strengthen the hypothesis that the phyletic 
roots of the Papilionoicfeae are in the Caesalpinioideae. Seed 
data affirm a relationship between the Mimosoideae and 
Caesalpinioideae but provide little new information as to the 
nature of this kinship. The Mimosoideae are not closely re-
lated to the Papilionoideae on the basis of seeds or other 
features. 
The Leguminosae are conventionally treated as including 
three reasonably discrete subfamilies - the Mimosoideae, Caesal-
pinioideae, and Papilionoideae. Some authors ( 7) have preferred 
to regard the taxon as an order with three families. Thus, al-
though there have been differences in viewpoint regarding the 
appropriate rank for the taxa involved, systematists have largely 
been in agreement regarding their circumSCTiption. 
On the basis of flocal characters, these three subfamilies. have 
usually been regarded as representing an evolutionary sequence 
from the Mimosoideae as "primitive" to Papilionideae as most 
derived or specialized. 
The structure of leguminous seeds has been studied from sev-
eral viewpoints ( 4, 6, 10, 11,). Comer ( 4) appears to have con-
ducted the most extensive sampling within the family; he 
examined material of 45 genera. Both Comer ( 4) and lsely ( 6) 
observed that there appeared to be two basic seed types within 
the £amily; those characteristic of (a) the Mimosoideae and 
Caesalpinioideae, together, and (b) the Papilionioideae. 
MATERIALS AND METHODS 
The seed characters of the Leguminosae have now been in-
vestigated more thoroughly - seeds of 213 species representing 
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111 genera of legumes studied ( Kopooshian, 8). Although 
Kopooshian examined representatives of less · than half of the 
extrunt leguminous genern, he included most of the putative tribes 
and hopefully sampled significant seed variance in the family. 
Methods of investigation were relatively unsophisticated. 
Soaked seeds were carefully dissected and viewed under a 
stereoscopic microscope at magnifications of 10-SOX. Detailed 
data have been reported in a thesis by the senior author ( 8). 
These data are pertinent both to phyletic considerations of the 
structure of the family and to the relationships of the subordinate 
tribes in the Papilionoideae. Only the former topic is reviewed 
in this report. It summarizes our observations and conclusions 
as they apply to the interrelationship of the subfamilies of the 
Leguminos1ae. 
GROSS MORPHOLOGY OF LEGUME SEEDS 
We shall not reiterate descriptions of legume seeds except to 
point out that statements that papilionoid seeds are "exalbumin-
ous" or lack endosperm (found in most characterizations) are 
scarcely correct. Endosperm is present in all three subfamilies. 
There appear to be parallel but independent series in all three 
groups in reduction in the amount of endosperm. In the papilion-
oids, only in the Vicieae and Phaseoleae is the endosperm so 
abortive in the mature seeds that such seeds could properly be 
stated to be essentially exalburninous. 
Two KINDS OF LEGUME SEEDS 
The date validate the suggestions of Corner ( 4) and Isely 
(6). Nearly all legume seeds clearly represent one of two basic 
types. The Papilionoideae constitute one group; the Mimosoideae 
and Caesalpinioideae together the other one. 
A B c 
-c 
-SC 
Fig. 1. Mimosoideae: Albizia julibrissin Durazz. 
A. Side view of the seed in the plane of the cotyledons. 
B. View of the embryo with one of the cotyledons removed to show the embryo 
axis and remaining cotyledon. 
C. Medioo longitudinal section of the seed at right angle to plane of cotyledons. 
c, cotyledon; e -endosperm; ep, epicotyl; fl, face line; m, mioropyle; r, radicle; 
sc, seed coat. 
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THE MIMOSOD-CAESALPINIOID SEED 
1. Ovule form. According to our interpretations, the seeds are 
usually derived from anatropous ovules. This confirms. the ob-
servations of most previous students, e.g., Pitot ( 10, 11); and 
Bocquet ( 2) and Bocquet and Bersier ( 3), as to the Mimos-
oideae. Bocquet ( 2) designates the leguminous ovule as initially 
anatropus. The ovules maintain this condition in the Mimos-
oideae. The ontogeny of the ovules in the other legume groups 
includes a bendilig along the nucellar axis. In the Caesalp1nio~ 
ideae, however, "the bending affects little more than the micro-
pylar region." Bocquet and Bersier ( 3) subsequently consider 
caesalpinioid ovules as hemitropus to campylotropous. 
2. The seeds are symmetric and reasonably consistent in shape, 
usually evenly elliptic. The hilum is at one end of the ellipse, 
immediately contiguous to the tip of the radicle; the chalaza is 
at the opposite end. This relative consistency in form and orienta-
tion of the parts is presumably a function of the ovule form and 
is contrasted with a condition of considerable variance in the 
Papilionoideae. 
A B 




A. Side view of the seed in the plane of the cotyledons. 
B. View of the embryo with one of the cotyledons removed to show he embryo 
axis and remaining cotyledon. 
C. Median longitndinal section of the seed at right angle to plane of cotyledons. 
e, endospe1m; ep, epicotyl; f, funiculus; r, radicle; sc, seed coat. 
3. The embryo is straight with a usually thick, short radicle . 
. 4. An unbranched vascular bundle forms a loop extending 
almost completely around the seed (some exceptions repO!rted in 
Bauhima). 
5. The hilum (as compared with that of the Papilionoddeae) 
is a simple and unspecialized structure. It is surfaced b¥ a single 
layer of palisade (malphigian) cells. There is no tracheid bar, 
rim aril or hilar groove ( see characterizations of these structures 
under Papilionoideae below). The hilum is reasonably consistent 
3
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in external appeaxance, being small, suborbicular to elliptic. 
6. There is no lens (strophiole). 
7. The amino acid canavanine has not been found in any 
mimosoid-caesalpinioid seeds ( 1). 
The only reasonably consistent difference we could discern 
between the seeds of the Mimosoideae and Caesalpinioideae 
was in the presence in most Mimosoideae of the face line of 
Isely ( 6) or pleurogram of Corner ( 4). This is a horseshoe-
shaped line, a groove in the seed coat, following the curve of the 
flat surface of the seed and usually open at the hilar end. 
THE p APILIONOID SEED 
Contraisting with the above, members of the P'apilionoideae 
characteristically possess the following features: 
1. Ovule form. The axis of the nucellus becomes bent during 
the course of ontogeny and the ovules are conventionally termed 
campylotropous. The nature and degree of this bending is var-
ious, and several of the ovule forms of Bocquet and Bersier ( 3) 
are present in the Papilionoideae. The range of variation of ovule 







Fig. 3. Papilionoideae: DoUcho8 hifl01"lt8 L. 
c 
A. Side view of the seed in the plane of the cotyledons. 








C. View of embryo with one of the cotyledons removed to show the embryo axis 
and remaining cotyledon. 
D. Section through hilum at right angles to plane of cotyledons. 
a, aril; c, cotyledon; e, endosperm; ep, epicotyl; h, hilum; l, lens; m, micropyle; 
r, radicle; sc, seed coat; sh, subhilu1n; tb, tracheid bar. 
2. The seeds are asymmetric in at least one plane and diverse 
in shape. The hilum is contiguous to the radicle tip, but variously 
positioned with respect to the chalaza. 
3. The embryo is typically curved, and the radicle varies in 
length. However, a few members of the Papilionoideae possess 
a straight embryo. In some instances (e.g., Arachis), it seems 
olear that this feature is secondiaQ·ily derived; in others (as in 
several of the Sophoreae), it is probably primitive. 
4. Vascularization is essentially of 3 types. These are char-
4
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acterized by Pi tot ( 10) who terms them uninerve, trinerve and 
plurinervae. The uninerve condition is similar to that found in 
the mimosoid-caeS'alpinioid seeds. Among the Papilionoideae, it 
is found primarily in the Sophoreae, a tribe usually considered 
primitive on other bases. It may not be unreasonable to postulate 
that the trinervae and plurinervae conditions are derived from 
the un.inerve. 
15. The hilum is a specialized and complex structure as com-
pared with that of the mimosoid-caesalpinioid seed. It is various 
in external appearance, is often large, elongate and conspicuous. 
It possesses a slightly raised margin, the rim aril of Pitot. There 
are two layers of palisade cells; abscission of the mature seed is 
between these layers; one of them (counter-palisade of Corner, 
4) adheres to the funiculus. A longitudinal groove, a slight sep-
aration of the palisade cells of the hilum, is characteristic of 
most papilionoid seeds and can usually be discerned with the 
naked eye. Under this groove is the tracheid bar, a rod-shaped 
structure of short tracheids extending the length of the hilum. 
At the raphe end of the hilum, the tracheid bar may contact 
the vaiscular bundle of the seed or its sheath, or the: bar may be 
entirely free of the conducting tissue. In cross section, it is pyri-
form and pointed to the hilum groove. Its significance and func-
tion (if any) are problematic. (Structural details of the tracheid 
bar primarily from 4 and 10). 
6. The lens ( strophiole) is usually discernible. It is derived 
from integumentary tissue and is superficially evident as: a swell-
ing or protuberance on the margin of the seed between the 
hilum and the chalaza. Its role has been the subject of specula-
tion. For example, Pitot ( 10) presents an elaborate discussion of 
the manner in which it influences the development of the young 
seed and its influence on the ultimate shape of the mature seed. 
7. Birdsong et al. ( 1), surveying the presence of canavanine 
in leguminous seeds, found this amino acid to occur in some 
species of all members of tribes of the Papilionoideae except 
the Sophorreae, Podalyrieae and Psoraleae. It was present in all 
species of the Loteae and Trifolieae examined. 
INTERMED!lATE SEED TYPES 
While the great preponderance of seeds examined precisely 
conformed to the above circumscriptions, a few did not. Certain 
examples: 
Papilionoideae-Sophoreae-The Sophoreae and the Podalyrieae 
are the only two papilionoid tribes with free stamens. On this 
and other bases, they have conventionally been regarded as 
the least derived members of this subfamily. 
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A B c D 
Fig. 4. Papilionoideae: Sophowae. Upper row, Cladratis lutea K. Koch with a 
curved embryo. Lower row, Sophora secundiflora DC. with a straight embryo 
A. Side view of the seed in the plane of the cotyledons. 
B. Hilar view of the seed. 
C. View of embryo with one of the cotyledons removed to show the embryo axis 
and remaining cotyledon. 
D. Section through hilum at right angle to plane of cotyledons. 
c, cotyledon; de, double epidermis; e, endosperm; ep, epicotyl; h, hilum; l, lew; 
m, micropyle; r, radicle; sc, seed coat sh, subhilum; tb, tracheid bar. 
We examined seeds of only three genera representing the 
Sophoreae. One species of Sophora possessed a straight embryo. 
However, the seeds were papilionoid in all other respects. 
Corner ( 4) sampled the Sophoreae rather extensively in regard 
to embryo shape and found straight embryos in 12 genera. Since 
the Sophoreae possesses other presumably "primitive" features, 
this seed character is perhaps confimatory of the conventional 
viewpoint regarding this tribe. 
Arachis-The protective functions of the seed coat have been 
assumed by the indehiscent pericarp. All integumentary struc~ 
tures aire reduced. The embryo is straight. The seeds, howevm, 
possess the papilionoid vascular system. Because of the obvious 
relationships of Arachis to a specific specialized group of the 
Hedysareae which possess entirely papilionoid seeds, we pre-
sume seed modifications from the papilionoid formula to he sec-
ondarily derived. 
Templetonia egena ( Genisteae) and Brongiartia oxyphylla 
( Galegeae) possessed straight embryos. Both kinds, howevm, 
exhibited a papilionoid hilum and a well-developed lens. We 
6
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do not have sufficient information to offer a hypothesis regarding 
the embryo shape of these species. · 
Dalbergieae-We were able to obtain material representing 
only two genera of this tropical group. They were of the normal 
papilionoid type. Comer ( 4), however, has reported s·traight 
embryos in several genera. If, as we suspect, the Dalbergieae 
are derived from the same matrix as the Sophoreae, this may 
represent the retention of a primitive character. 
Swartzia-This is an anainolous woody tropical genus of un-
certain affinities. It possesses a combination of exomorphic char-
acters which have led some authors to place it with the Papilio-
noideae; others have relegated it to the Caesalpinioideae. Eiither 
alternative is uncomfortable. 
We were able to obtain seeds. of three undetermined species 
of Swartzia. The seeds were strikingly di:fferent one from 
another. All were intermediate in one way or another between 





Fig. 5. Swartzia. Two types of seeds. Upper row, a species with a curved embryo, 
lower with a straight embryo. 
A. Side view of the seed in the plane of the cotyledons. 
B. Hilar view of the seed. 
C. View of embryo with one of the cotyledons removed to show the embryo axis 
and remaining cotyledon. 
D. Section through hilum at right angles to plane of cotyledons. 
a, aril; br, bony ridge (apparently equivalent to tracheid bar); c, cotyledon; co, 
collar; r, radicle sc, seed coat. 7
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the CaesaJpi.nioideae and the Papilionoideae, but each had dif-
ferent combinations of characters. Comer ( 4) examined seeds of 
Swartzia pinnata and likewise found them to be intermediate. 
PHYLOGENETIC CONSIDERATIONS 
Traditional treatments of the Leguminosae have usually re-
garded the group as an evolutionary sequence from the Mim0>-
soideae to the Caesalpinioideae to the Papilionoideae. We concur 
in believing that the ancestors of the papilionoids. were essen-
tially caesalpiniaceous. This supposition is based largely on an 
apparent sequence in floral structure and possibly chromosome 
number. The gross structural features of the seeds confirm this 
viewpoint. Intermediates were all between the Caesalpin.ioideae 
and the Papilionoideae; the Mimoso!ideae were not involved. 
Further, it seems fairly clear that the specialized papilionoid 
seed is the derived type, the mimosoid-caesolpinioid seed more 
closely resembling ai generalized form of wide occurrence in 
the Rosaceae. However, rosaceous seeds lack the integumentary 
specialization (palisade and hour-glass cells) of the Leguminosae 
( Pechoutre, 9). 
Some authors (e.g., Jones, 7) consider the Caesalpinioideae 
and the Papilionoideae best treated as separate families. This 
position possesses some merit. Each of the taxa is reasonably 
discrete and exhibits an independent pattern of specialization. 
But the Papilionoideae seem clearly to taper into the Gaesalpin-
ioidooe. There are several intermediate character combinations 
and groups among the less specialized members of both sub-
families. These facts, plus the unifying feature of the character-
istic carpel and fruit, lead us to believe that the wiser disposition 
is that of two well-marked subfamilies. 
The relationships of the Mimosoideae to the rest of the Le-
guminosae aire less than clear, and a detailed consideration is 
not pert:in.ent in the present context. The Mimosoids possess 
certain, in the Besseyian sense, features which are less derived 
than in the other subfamilies (e.g., the regular corolla and in 
some of the major groups, numerous stamens'). Consequently, 
they are often placed at the beginning in a presumed phylo-
genetic sequence among the legumes. But they also possess a 
number of specialized features: for example, the much reduced 
corolla, the greatly extended stamen filaments, the aggregation 
of the usually minute flowers into compact heads or spikes. 
Surely the generalized caesalpinioids or papilionoids were not 
derived from such ancestry. It would be much more reasonable 
to hypothesize derivation of the Mimosoideae from unspecialized 
caesalpinioids. However, there are, to our knowledge, no extant 
intermediates. We are aware that Hutchinson ( 5) regards the 
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Parkiaeae, on the basis of their imbricate calyx, "as the most 
primitive tribe and the connecting link with the Caesalpiniaceae." 
Parkia possesses reduced often dimorphic flowers borne in close 
spikes which are aggregated into heads. In view of the special-
ized nature of both the flower and inflorescence, we cannot ac-
cept Hutchinson's hypothesis. 
An interpretation of the interrelationships between these two 
subfamilies is scarcely facilitated by data relating to the gross 
structure of the seeds. The seeds of the Mimosoideae and 
Caesalpinioideae are essentially the same, the Mimosoideae being 
distinguishable so far as we can discern only by the face line. 
The two subfamilies seem to have in common, beyond features 
characteristics of the Rosales as a whole, primarily carpel and 
seed features. Perhaps the seeds are "conservative~' in both of 
these groups and little modified from a rosalian type. 
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